It is increasingly recognized that many problems concerning the aetiology, recognition and natural history of urinary tract infections are still unresolved, and this is particularly true of such infections in infancy. There is, for example, no general agreement about their incidence in the first months of life: Stansfeld (1954) has pointed out that pyelonephritis occurs more frequently in the first year than at any other age, and most frequently of all in the first month, but this distribution pattem has not been universally recognized. The divergence of opinion may derive from a failure to consider pyelonephritis as a possible cause of such symptoms as vomiting, anorexia, constipation, diarrhoea and poor weight gain, or from uncertainty in assessing the significance of those minor abnormalities in the urine which may be the only diagnostic feature of chronic pyelonephritis. The situation is further confused by disagreement over the interpretation of various lesions which may be found in the kidneys of small infants dying of renal disease so that even necropsy may not resolve clinical uncertainty.
Among the few existing reports of the morbid anatomical findings in cases of neonatal pyelonephritis are those of Chown (1927) who could find only nine cases in the earlier literature. To these he added detailed reports of 30 cases of 'pyelitis' in infancy. Most of his cases showed the changes of acute suppurative pyelonephritis but four with chronic pyuria showed in addition 'inflammatory lesions in various stages of healing'. Craig (1935) gave the post-mortem findings in six cases of acute pyelonephritis and Hunt (1936) described one case with unilateral acute suppurative pyelonephritis fatal 13 days after birth. More recently Claireaux and Pearson (1955) have recorded chronic pyelonephritis in a newborn infant.
The histological picture of acute pyelonephritis in early infancy is indistinguishable from that found at any other age; in the chronic stage, however, differences may appear which have hitherto been insufficiently recognized and it is the purpose of this paper to discuss them.
Mateial
Five cases of pyelonephritis in infants under 1 month of age are described. All of these were males and this is in keeping with the general tendency of neonatal pyelonephritis to be more frequent in boys. Four of the infants were born in the same hospital within a few months of each other. ( in a few. Occasional glomeruli were partly hyalinized, others had been converted into hyaline spheres. The damaged glomeruli tended to be grouped together into rough cortical wedges. There were no striking changes in the glomerular capillary basement membranes. 'Alterative' glomerulitis was seen in some glomeruli in unscarred areas.
In the areas of glomerular damage groups of proximal tubules were dilated and lined by flattened atrophic epithelium and contained pink 'colloid' casts. Occasional tubules were cystic. Some collecting tubules showed similar changes.
The interstitial tissue, particularly in the cortical wedges of glomerular and tubular damage, was heavily infiltrated by lymphocytes and plasma cells with very occasional polymorphonuclear leucocytes. There was also some fibrosis.
The arcuate and interlobular arteries showed mild productive endarteritis and the arterioles mild hvperplastic arteriolosclerosis.
The pelvis of the kidney appeared normal. Nephron dissection (Fig. 2) showed that the proximal tubule was considerably shorter than normal and almost completely devoid of convolutions: in addition the epithelium was flattened and the lumen grossly dilated (Darmady and Stranack, 1955 (Fig. 3) . A few mitoses were visible in these cell masses and occasional capsular spaces had been obliterated. In a few cases the crescents had undergone fibrosis. Adhesions between tuft and capsule were frequent. Examples of pseudo-crescent formation (Claireaux and Pearson, 1955) and partly hyaline tufts were also seen. The capillary basement membranes of some of the affected glomerular tufts were thickened in a patchy manner and occasional tufts contained small droplets of fat apparently deposited between the capillary loops. In a few instances the capsular space contained acidophilic material but there were no polymorphs.
Most of the proximal tubules were dilated and contained eosinophilic, P.A.S. and lacked alkaline phosphatase. Many of the loops, distal tubules and colecting tubules contained pink casts, some of which were calified. A few contained pus.
Large areas of interstitial tissue, particularly in the cortex, were densely infiltrated by plasma cells, lymphocytes, occasional eosinophils and histiocytes. In the medulla the chronic inflammatory infiltrate was much lighter. Interstitial fibrosis was also marked.
The arcuate and interlobular arteries showed marked productive endarteritis (Fig. 4) whilst many arterioles showed hyperplastic arteriolosclerosis and occasional fatty-hyaline change.
The epithelium of the renal pelvis was normal. Nephron dissection showed the tubules to be essentially the same as those in the patient's brother (Case 2).
No organisms, inclusion bodies, cystine crystals or extramedullary haemopoiesis were found in this kidney.
Hyperplastic arteriolosclerosis was also found in the arterioles of the gut wall. The kidneys (weight 31 g. and 27 g.) were congested. The capsules stripped readily, exposing surfaces with a fine irregular granularity. No abnormality was seen on section. The pelves, renal vessels and the remainder of the urogenital system were normal. The brain and bones were normal. MICROSCOPY OF THE KmINEfys. The renal capsule was normal. The glomeruli were slightly reduced in number. Most of the surviving glomeruli were normal, but in a roughly wedge-shaped area; they were closer together than usual and showed various changes, the commonest of which was marked concentric pericapsular fibrosis, often with relatively normal tufts. However, in some this had led to complete obliteration of the tufts so that only a hyaline sphere remained. Some showed adhesions between tuft and capsule. Occasional crescents were seen (Fig. 5 ) and a few primitive glomeruli.
In the patches where the glomeruli were affected some of the proximal tubules appeared atrophic with flattened epithelium. However, colloid casts were few, and dilatation was not a feature. The distal parts of the tubules seemed normal. Some primitive tubules were also seen. There was increased medullary interstitial and perivascular fibrous tissue, with occasional foci of calcification in cortex and mnedulla and a scattered infiltration by lymphocytes, plasma cells and occasional eosinophils and neutrophils.
The arcuate and interlobular arteries showed mild productive endarteritis, whilst the walls of occasional arterioles showed hyperplastic arteriolosclerosis. The only other condition with which these histological changes might be confused is glomerulonephritis. In the present cases, however, many glomeruli were unaffected, whereas in glomerulonephritis it is usual for the changes to be diffuse with involvement of almost all glomeruli. Moreover, in those glomeruli in which pericapsular fibrosis was present, the tufts were often normal; in glomerulonephritis there is usually a fairly close correlation between the degree of fibrosis of the tufts and of Bowman's capsule. In glomerulonephritis the interval between glomeruli is diminished but these distances tend to be fairly uniform, in sharp contrast to the rather wedge-shaped clusters of glomeruli we have described. Lastly the interstitial infiltration with chronic inflammatory cells was greater in the present cases than is usual with glomerulonephritis.
However, the kidneys in these cases differed in two respects from those found in adults suffering from chronic pyelonephritis: (1) Macroscopically, there was little asymmetrical contraction or coarse, shallow scarring. (2) Microscopically, crescents in varying numbers were prominent.
Similar observations were made by Claireaux and Pearson (1955) in their case of chronic pyelonephritis in a newborn infant.
The absence of scarring may be a consequence of the comparatively short period of time for which the pyelonephritic process had been in progress, since all the cases were aged 21 weeks or under at the time of death. The presence of crescents does not necessarily exclude the diagnosis of chronic pyelonephritis. Crescents are not specific for glomerulonephritis, inasmuch as identical formations have long been known to occur in cases of malignant nephrosclerosis, subacute bacterial endocarditis, and sometimes in the chronic pyelonephritis of adults. In these latter conditions, however, the crescents usually involve only occasional glomeruli, not the majority as in glomerulonephritis.
It is possible that epithelial crescents develop in response to various stimuli more readily in the newborn period. Lowe, Henderson, Park and McGreal (1954) described crescent formation in a renal biopsy from a child of 1 year 9 months suffering from the severe form of idiopathic hypercalcaemia with low-grade secondary chronic pyelonephritis. Campbell and Henderson (1949) , discussing asymmetrical cortical necrosis of kidneys in infancy, mentioned crescents in their Case 3, and Friedman, Grayzel and Lederer (1942) Thompson (1951 ), Collins (1954 and Kunstadter and Rosenblum (1954) . It is interesting that the lesions were found about three times as often in males as in females, this being the estimated ratio of pyelonephritis in males to females in the first few months of life. Marshall (1953) , in a series of kidneys from infants and children, described structures which, on morphological grounds, he believed to be persisting foetal glomeruli and tubules. In most of the older infants and children pyelonephritis was present and Marshall suggested that such infections had as their underlying lesion a focal or localized dysplasia of the renal parenchyma.
In four cases of the present series (Nos. 1, 2, 3 and 4), Dr The Outcome of Neonatal Pyelonephritis. The majority of infants who develop an attack of acute pyelonephritis apparently recover. In a few cases, however, the renal disease may smoulder on, ultimately to cause hypertension, bone lesions, renal failure, or a combination of these. The proportion of cases in which this happens is unknown, and may be higher than is generally suspected. All four cases of chronic pyelonephritis in the present series showed left ventricular hypertrophy of varying degree and renal arteriolar lesions. This suggests that these cases were probably hypertensive, although only in Case 3 was hypertension actually demonstrated during life. The histological changes found in the kidneys closely resemble those described in many cases of 'renal rickets'. This lends support to the view expressed by Weiss and Parker (1939) that the great majority of infants and children who show so-called chronic interstitial nephritis associated with dwarfism and bone changes are in reality examples of long-standing chronic pyelonephritis.
In the light of these observations we would reinforce Stansfeld's plea for the consideration of pyelonephritis as a possible diagnosis in any infant who vomits, loses weight or goes off his food. Furthermore, we would urge that known cases of pyelonephritis should be followed up with the utmost care, and that apparently minor abnormalities of their urine should not be too readily disregarded. Summary Five cases of neonatal pyelonephritis in male infants are described. All the babies died before they were 5 months old and the necropsy findings are reported.
The kidneys in four cases showed changes believed to be those of chronic pyelonephritis. The appearances differed from those usually found in older children and adults with chronic pyelonephritis in that asymmetrical contraction and coarse shallow scarring were absent and crescents in varying numbers were prominent.
Microdissection of the kidneys from four patients, two of whom were brothers, showed abnormalities of the nephron. 
